The nutritional characteristics of an alga (Microcystis sp.) that occurs naturally in a Guatemalan lake were determined. The sun-dried material proved to have a high protein content (55.6%) and to be a possible good source of calcium and phosphorus (1,169.1 and 633.4 mg/100 mg, respectively). Amino acid analysis showed that total sulfur amino acids were the most deficient ones, giving a protein score of 42 to the material. The in vitro protein digestibility of the material was 69.5%. Biological trials demonstrated that when the material was offered as the only protein source, very low consumption and a high mortality rate were obtained whether or not the diet was supplemented with 0.4% DLmethionine. However, when the material supplied 25% of the total protein of a corn-algae diet, the protein quality of the cereal was significantly improved (P < 0.05).
The possible utilization of algae as a nonconventional protein source in human or animal nutrition was first suggested some years ago (3, 16) . Several types of algae have been tested for this purpose and, although toxicity problems have been reported for some species (18) , promising results have been obtained with others (5, 16) . Likewise, the technology for large-scale production of algae has already been developed (8, 14, 16) .
In Guatemala, a blue-green alga (Microcystis sp.) grows wild on the surface of Lake Amatitlan almost throughout the year. Since several animal-breeding industries are located in its vicinity, we considered it of interest to investigate the possibility of harvesting such algae, sun drying them, and using them as a protein source in animal feeding. This possibility is supported by recent technological developments in algae harvesting (2) that probably could be applied for the purpose.
Prior to determining the practical feasibility of the harvesting and drying operations, some nutritional characteristics of the naturally occurring algae were investigated.
MATERIALS AND METHODS
The blue-green algae used in the study were obtained from the surface of Lake Amatitlan, a small (15.35 kM2) body of water located near Guatemala City at an altitude of 1,190 m above sea level. The sampling of the algae was done using plastic containers; the material was then transported to our central laboratories at the Institute of Nutrition of Central America and Panama (INCAP), where the algae were recovered through filtration. Initially the material was passed through 60-and 80-mesh screens to eliminate the contaminating substances; then the algae were recovered by filtration through either a 150-mesh screen or three superimposed layers of cheesecloth. During the last filtration stage the material was washed repeatedly with tap water and with a dilute solution of potassium permanganate (around 0.05%). Prior to further analyses, the algae were sun dried for approxlmately 24 h.
The main alga growing on the lake had previously been identified as a Microcystis sp. by a North Carolina State University research group at the Regional School of Sanitary Engineering of the University of San Carlos de Guatemala (20) . Microscopic control as to the identity of each lot was performed at our laboratories by comparing it with the standard characteristics of the genus (17) .
Moisture, nitrogen, ether extract, crude fiber, ash, calcium, and phosphorus were determined in duplicate following the Official Methods ofAnalysis of the Association of Official Agricultural Chemists (AOAC) (1) . Protein was calculated using the customary conversion factor of 6.25.
The amino acid analyses were carried out using an amino acid autoanalyzer and following the general method of Spackman et al. (19) . Available lysine was determined according to Conkerton and Frampton (4) , and the caloric value of the material was estimated using the ballistic bomb calorimeter (model CB-370, A. Gallenkamp & Co., Ltd., London, England).
To evaluate protein quality, biological trials were carried out in Wistar strain rats from INCAP's animal colony.
NUTRITIONAL CHARACTERISTICS OF AN ALGA
The protein efficiency ratio was determined as described by Molina et al. (15) . Protein in vitro digestibility was estimated following the AOAC method (1) .
RESULTS AND DISCUSSION
All batches recovered through filtration were microscopically characterized as Microcystis sp. The composition (on an "as is" basis) of the sundried material is presented in Table 1 . As the data reveal, the algae have a relatively high crude protein (N x 6.25) content (55.6%) and low fiber (1.6%) and ether extract (1.2%) contents. In general, the crude protein content of the Microcystis sp. considered in this study compared favorably with that reported for Chlorella sp. and other types of algae (5, 13). On the other hand, the fat (or ether extract) content reported herein is lower than the values reported by other authors for other algae species (13) . The calcium and phosphorus content is nutritionally important in considering the dried algae as a good source of both minerals, not only because of the net amounts present but, more important perhaps, because both minerals appear very near a 2:1 calcium/phosphorus ratio, which is considered nutritionally optimum. The content of total nucleic acids (7.7%) is comparable to that cited for other biological materials considered as possible single-cell protein sources (12, 21) . However, the considerably high amount of total nucleic acids found in the present case is indicative that not all of the nitrogen can be regarded as protein nitrogen and that, therefore, the true protein content of the material could be lower than the crude protein content (N x 6.25) reported. Furthermore, the total nucleic acids present in the material could give rise to the nutritional problems associated with those compounds (12) . Its gross caloric value is similar to those for corn, sorghum, and other materials commonly used as animal feeds (11) . However, since in the The amino acid composition of the algal product is presented in Table 2 , which includes the Food and Agriculture Organization (FAO) protein reference pattern (6) . As the data clearly show, the total sulfur amino acids appear to be the most limiting in this protein, similar in this respect to other algae, yeasts, and molds reported as possible single-cell protein sources (12) . In fact, when the protein score was calculated for the product against the FAO protein reference pattern (6), it was found to be 42, the total sulfur amino acids being the most limiting. The second most limiting amino acid was found to be lysine, with a protein score of 81. When determination of available lysine was carried out, it was found that 70% of the total lysine content was chemically available, thus indicating that not all the lysine content found may be available for growth support.
The biological results on protein evaluation of the material are given in Table 3 . Its protein efficiency ratio could not be calculated due to the fact that the rats lost weight during the 4-week period of the test; furthermore, some of the animals died during the experimental period. The data presented, as well as personal The in vitro protein digestibility as determined for the algal material used in the present study was 69.5%. Therefore, efforts are being made to devise practical techniques for improving these parameters in order to provide the animal industry of Guatemala with another possible protein source. It is probable that, concomitantly with an increase in digestibility, improvement of the algal protein quality to be used as a supplement could also be obtained. 
